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Abstract

secondary cardiovascular prevention.
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Obstructive sleep apnoea (OSA) syndrome is characterised by the presence of apnoea or obstructive hypopnoea during sleep, accompanied
by hypoxia. It is estimated that the syndrome affects approximately 10% of men and 15% of women. Diagnosis and treatment rates have
increased in recent years, but the condition remains undiagnosed in a high percentage of patients. Recent evidence suggests that OSA may
increase the risk of cardiovascular disease. The relationship between OSA and cardiovascular disease can be explained, at least in part, by the
coexistence of cardiovascular risk factors in the two pathologies, such as age, overweight, smoking and sedentary lifestyle. However, OSA has
been independently associated with the risk of developing hypertension, cerebrovascular disease, ischaemic heart disease, heart failure and
arrhythmias. Clinical trials that have evaluated the efficacy of continuous positive airway pressure (CPAP) treatment in primary and secondary
cardiovascular prevention have not demonstrated a significant reduction in the incidence or recurrence of cardiovascular events. This article
analyses the relationship between OSA and cardiovascular risk and discusses recent clinical trials on the efficacy of CPAP in primary and
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The WHO has established that coronary artery and cerebrovascular
disease represent the main causes of premature death and disability in
developed countries.” However, the incidence and prevalence of
cardiovascular and cerebrovascular disease is also increasing in
developing countries as a result of population ageing and changes in
lifestyle. For these reasons, the prevention and treatment of
cardiovascular disease continues to be one of the key objectives of
global health policies. Health initiatives aimed at raising awareness
about heart-healthy lifestyle habits and at controlling risk factors such
as smoking, dyslipidaemia or arterial hypertension (AHT) are essential
strategies in these campaigns. However, a better understanding of the
causes of cardiovascular disease, as well as the identification and
treatment of new risk factors, is also urgently needed. Recent evidence
indicates that obstructive sleep apnoea (OSA) may be a potentially
modifiable risk factor for vascular disease.

Sleep Apnoea Syndrome and

Cardiovascular Disease

Epidemiology, Diagnosis and Treatment

OSA is a disorder characterised by snoring and presence of apnoea or
obstructive hypopnoea due to the collapse of the upper airway (either
partial or complete), accompanied by hypoxia, during sleep. Most of
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these respiratory disturbances during sleep cause oxygen desaturations
and resaturations and changes in intrathoracic pressure; they end with
a micro-awakening, with the resulting fragmentation of sleep and the
appearance of excessive daytime sleepiness, which is the most
frequent symptom of this disorder. These episodes are assessed by
using polysomnography to measure the apnoea-hypopnoea index
(AHI), with an AHI =5 events/h being considered pathological. The AHI is
used to define disease severity: scores of 5-14.9 are considered mild,;
scores of 15-29.9, moderate; and scores >30, severe. The prevalence of
OSA has risen over time and varies according to study: depending on
the cut-off point of the AHI used, it is currently estimated to affect 10%
of men and 15% of women.? The main risk factors for OSA are obesity,
craniofacial or oropharyngeal anatomical abnormalities, male sex and
smoking. It is important to stress that in subjects with several
cardiovascular risk factors the prevalence of asymptomatic OSA is
higher than in healthy adults of the same age and sex, and is unrelated
to BMI. Consequently, if we take drowsiness or obesity as defining
features of the OSA phenotype, its prevalence in patients with
cardiovascular disease may be underestimated.** Given that obesity is
an important causative factor, the prevalence of OSA is likely to
continue rising in line with the obesity rate. Diagnosis and treatment of
OSA have increased in the last 5-10 years, but current evidence
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Table 1: Prospective Longitudinal Studies of Incident Hypertension in Patients with Obstructive Sleep Apnoea

Study Type of Study Patients Follow-up Comparisons Associations
(n) (Years)
Peppard et al. 2000"  WSCS Prospective 709 4 AHI <5 (versus 0) 1.42[1.13-1.78]
AHI 5-14.9 2.03[1.29-3.17]
AHI >15 2.89 [1.46-5.64]
QO’Connor et al. 2009 SHHS Prospective 2,470 5.2 AHI 15-29.9 (versus 0-4.9) 1.54 [1.12-2.11] 1.12 [0.80-1.56]"
AHI >30 2.19 [1.39-3.44]" 1.51[0.91-2.46]"
Cano-Pumarega etal. VSC Prospective 1,180 7.5 RDI 3-6.9 (versus 0-2.9) 1.49 [1.09-2.03] 1.09 [0.78-1.52]*
2011 RDI 7-13.9 1.84 [1.30-2.61] 0.94 [0.64-1.39]*
RDI =14 2.61[1.75-3.89] 1.00 [0.63-1.57]*
Guillot et al. 2013 SYNAPSE  Prospective 372 3 AHI >30 2.21[1.43-3.43] 1.77 [1.11-2.80]¢
Marin et al. 2012 ZSCS Prospective 1,889 12.2 Ineligible for CPAP (n=462) 1.63 [1.25-2.12]I1 1.46 [1.12-1.91]1
Declined CPAP (n=195) 2.89[2.18-3.84]"  2.54[1.90-3.39]I""
Non-adherent to CPAP (n=98) 2.70[1.90-3.83]I"  2.20 [1.90-3.39]!""
Treated with CPAP (n=824) 1.47 [1.24-1.88]1 1.01 [0.78-1.31]1
Appleton et al. 2016  MAILES Prospective 391 4.6 AHI >20 - 1.95 [1.04-3.63] "
AHI >30 - 2.24[1.04-4.81]"

*Adjusted for age, sex, race and time since baseline. 1Adjusted for age, sex, race, time since baseline and BMI. *Adjusted for age, sex and BMI. SAdjusted for sex, obesity, type 2 diabetes and
dyslipidaemia. IHRs for new-onset hypertension (per 100 person-years). ‘Adjusted for AHI, age and sex. “Adjusted for AHI, age, sex, SBP/DBP and BMI. Y'Adjusted for age, waist circumference,

smoking, alcohol, AHI, ...

and weight gain over the follow-up period. AHI = apnoea-hypopnoea index; CPAP = continuous positive airway pressure;, NREM = non-rapid eye movement;

OSA = obstructive sleep apnoea; RDI = respiratory disturbance index; SBP/DBP = systolic/diastolic blood pressure.

indicates that the disease remains undiagnosed in a high percentage of
patients.®”

The first-line treatment for all patients with OSA is continuous positive
airway pressure (CPAP). This technique provides pneumatic splinting of
the upper airway, thus reducing airflow obstruction and apnoeic events.
CPAP improves self-reported sleepiness and quality of life, but patient
non-adherence may limit its clinical benefit.?

OSA and Cardiovascular Risk

Studies in recent years have shown that OSA is an independent risk
factor for hypertension and increases the risk of cardiovascular disease.
The relationship between OSA and cardiovascular disease can be
attributed, at least in part, to the coexistence of cardiovascular risk
factors in the two pathologies such as sex, age, overweight, alcohol
consumption, tobacco and sedentary lifestyle.

The current evidence linking OSA with increased cardiovascular risk is
strong. In this study, a search was performed to identify papers on the
association between OSA and new-onset hypertension and
cardiovascular adverse events in the PubMed database (MeSH: medical
subject headings) using the following search strategy: ‘sleep apnoea,
obstructive’ [MeSH] and ‘cardiovascular diseases’ [MeSH], with
‘hypertension’, ‘cardiovascular adverse events’, ‘atrial fibrillation’,
‘ischemic heart disease’, and ‘cardiovascular mortality” as key words.
The search was limited to prospective studies and recent meta-
analyses. To assess the efficacy of CPAP for the primary and secondary
prevention of cardiovascular adverse events, the following search
strategy was applied: ‘sleep apnoea, obstructive’ [MeSH] and
‘continuous positive airway pressure’ [MeSH] and ‘cardiovascular
diseases’ [MeSH] only in randomised controlled trials. After the
electronic search the references cited were also reviewed.

Observational (cross-sectional and longitudinal) epidemiological
studies have consistently reported higher cardiovascular-related
morbidity and mortality rates in patients with severe untreated OSA

than in patients undergoing CPAP or those who do not present severe
OSA."2

Hypertension and Cerebrovascular Disease

AHT is the cardiovascular disease most clearly linked to OSA. Cross-
sectional population-based studies have consistently found higher rates
of hypertension in patients with OSA than in controls, independent of
potential confounders such as obesity and age.™ The Sleep Heart Health
Study (SHHS) was designed to investigate the relationship between OSA
and cardiovascular disease in 6,424 individuals (mean age 65 years)
obtained from several cohorts of epidemiological studies of
cardiovascular disease in the US.™ All subjects had cardiovascular risk
factors and a complete sleep study at baseline. A linear relationship was
observed between the severity of OSA, measured on AHI, and the
prevalence of AHT, regardless of other factors.”™ Approximately 50% of
patients with OSA have high blood pressure, and up to 71% of patients
with resistant hypertension have a diagnosis of OSA.™ Prospective
clinical studies also demonstrate a high incidence of hypertension in
patients with OSA and normal blood pressure at baseline, especially in
those with severe OSA (Table 17).">2° Recent meta-analyses suggest a
dose-response relationship between OSA severity and the risk of
essential hypertension, especially in male Caucasian patients.?"#

Other controlled studies have evaluated the effect of CPAP on blood
pressure in patients with OSA and have demonstrated a significant
reduction, suggesting a better response in subjects with severe OSA
and excessive daytime sleepiness, resistant AHT, and greater
adherence. Effective treatment of OSA, especially with CPAR, reduces
blood pressure regardless of the baseline figures.?*° The reduction in
blood pressure with CPAP treatment is slight, but significant. In a meta-
analysis of 1,820 OSA patients, CPAP treatment was associated with a
significant reductions of 2.6 + 0.6 mmHg in systolic blood pressure and
2.0 + 0.4 mmHg in diastolic blood pressure.?® The reduction in blood
pressure with CPAP is lower than with antihypertensive drugs, but their
combined use in patients with resistant AHT can help to reduce it at a
later stage.”’ The antihypertensive effect of CPAP is greater in patients
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with more severe OSA and in patients with excessive daytime
sleepiness.?#?

Cardiovascular Disease

There is also evidence of a relationship between OSA and the
development and progression of ischaemic heart disease (IHD), heart
failure and arrhythmias.

The prevalence of OSA in patients with IHD is higher than in the general
population, and up to 70% of patients with acute coronary syndrome
(ACS) have undiagnosed OSA. The presence of calcifications in the
coronary arteries, a subclinical marker of atherosclerosis, was recorded
in 67% of patients with OSA versus in 31% of patients without OSA.* In
addition, the SHHS demonstrated that the presence of obstructive
apnoea increases the risk of CHD by 30%."

OSA can induce IHD by various mechanisms: among others, by
favouring coronary atherosclerosis through oxidative stress, systemic
inflammation and endothelial dysfunction due to intermittent hypoxia.
In addition, the increase in platelet activity and aggregation, as well as
the reduction in fibrinolytic activity, together with the increase in
fibrinogen in patients with OSA may favour coronary artery thrombosis,
a pathogenic mechanism of ACS.

The presence of OSA may worsen the prognosis of existing IHD. Several
prospective observational studies conducted in patients with known
IHD have observed an increased risk of cardiovascular events, including
recurrent events, in patients with OSA versus subjects without OSA. In
a multicentre study that included 1,311 patients undergoing
percutaneous revascularisation with a follow-up of 1.9 years, patients
with moderate or severe OSA (AHI >15) had (regardless of other
confounding factors) a 1.5-fold higher risk (adjusted HR 1.57; 95% ClI
[1.10-2.24]; p=0.013) of an adverse cardiovascular or cerebrovascular
event than revascularised patients without OSA.®' OSA has been
identified as a possible risk factor for nocturnal cardiac ischaemic
events. One study of patients with OSA and ACS reported the
occurrence of ACS between 12 am and 6 am in 32% of cases, compared
with only 7% in patients without OSA.*

The possible effects of OSA on the recovery of left ventricular systolic
function after Ml are controversial. It has been reported that, after
acute MI, the presence of OSA compromises the recovery of left
ventricular function by increasing and remodelling the area of extension
of myocardial necrosis.**3* The risk of recurrence of cardiovascular
events after a heart attack is higher in patients with excessive daytime
sleepiness, regardless of AHI and oxygen desaturation.®

OSA may induce or worsen an existing heart failure via various
mechanisms regardless of the presence or absence of hypertension.
The prevalence of OSA in patients with heart failure and reduced or
preserved ejection fraction ranges from 11% to 55%, and the degree of
dysfunction seems to be associated with the severity of OSA.*
Conversely, the prevalence of heart failure in patients with OSA may be
more than twice that in patients without OSA.*” The SHHS noted an
independent association between OSA and the risk of developing heart
failure.™3 A controversial issue is whether OSA increases mortality in
patients with heart failure: some studies have found that OSA is an
independent risk factor for mortality in patients with heart failure,
whether ischaemic or not, while other studies have not demonstrated
this association.®1
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Heart rhythm disorders have been described in patients with OSA, the
most frequent arrhythmias being atrial and ventricular extrasystoles,
sinus arrest and atrioventricular conduction block.*? Bradyarrhythmias
are usually due to vagal activation that occurs at the end of the apnoeas
mediated by hypoxic stimulation on the carotid body, and so the degree
of bradycardia is linked to the severity of OSA and especially to the
degree of hypoxaemia. Other types of arrhythmia such as AF or
ventricular tachycardia usually occur in the context of an associated
structural cardiac injury. However, the prevalence of cardiac arrhythmias
in patients with OSA is not well known. In the SHHS, the presence of
severe OSA (AHI >30) was associated with a fourfold increase in the risk
of AF, a threefold increase in non-sustained ventricular tachycardia and
a twofold increase in complex ventricular extrasystoles compared with
subjects without OSA (AHI <5).%% In that study the risk of an arrhythmic
episode was found to be 18-fold higher during a respiratory event than
during normal breathing. A decrease in nocturnal oxygen saturation
has been identified as a predictor of AF, independent of obesity.*
Patients with untreated OSA have a higher risk of recurrence of AF after
cardioversion than treated patients, and an increased risk of pulmonary
vein ablation failure.** However, several studies demonstrate a higher
prevalence of AF in patients with central and non-obstructive apnoeas,
suggesting that it is heart failure, rather than OSA, that plays the leading
role in this association.“

Cardiovascular Mortality

Given the relationship between OSA and its possible clinical
consequences, an association between OSA and mortality might be
expected. There is sufficient evidence to state that severe OSA (AHI
>30) is an independent risk factor for mortality. Cross-sectional and
prospective population-based studies have also found an increase in
cardiovascular mortality in patients with severe untreated OSA or with
insufficient use of CPAP A meta-analysis of cohort studies involving
24,308 participants found that the risk of cardiovascular mortality was
threefold higher in patients with severe OSA (AHI >30) than in the
control group without OSA (HR 2.96; 95% CI [1.45-6.01]; Table 2).+’

Clinical Trials in Primary and Secondary
Cardiovascular Prevention

Clinical trials aiming primarily to assess the effect of CPAP treatment on
the development of serious cardiovascular events associated with OSA
are relatively recent, such that until now almost all the evidence came
from observational studies. Several of these studies have found that
treatment with CPAP reduces cardiovascular morbidity and mortality
(defined as a set of different cardiovascular events including death due
to cardiovascular causes, stroke, or acute Ml).

Primary Cardiovascular Prevention

The study by Barbé et al. (the Spanish Sleep and Breathing Network;
CERCAS) analysed 725 patients with moderate or severe OSA (AHI =20
on polysomnography or cardiorespiratory polygraphy) without daytime
sleepiness (Epworth score <10) and without previous cardiovascular
events.® The authors studied the effect of CPAP on primary
cardiovascular prevention by analysing the incidence of AHT (need for
antihypertensive drugs or blood pressure >140/90 mmHg) or the
development of non-fatal MI, non-fatal stroke, transient ischaemic
attack (TIA), hospitalisation for unstable angina or arrhythmia, heart
failure or cardiovascular death with a mean follow-up of 4 years (IQR
2.7-4.4 years). No differences were observed between patients
randomised to CPAP and those to conservative treatment in terms of
the incidence of AHT or cardiovascular events. However, a post-hoc
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Table 2: Meta-analyses of Incident Hypertension and Cardiovascular Events in Patients with Obstructive Sleep Apnoea

Type of Study No. Studies

Patients Groups

Association
Pooled RR [95% CI]

Endpoint

Hou et al. 2018 Meta-analysis 26 studies 51,623 Mild OSA (AHI >5) New-onset hypertension 1.18 [1.09-1.27]
Moderate OSA (AHI >15) 1.32 [1.20-1.43]
Severe OSA (AHI >30) 2.84[1.70-3.98]
OSA (AHI >5) Resistant hypertension 2.84[1.70-3.98]
Xia et al. 2018% Meta-analysis 6 prospective and 6,098 AHI >5 versus AHI >30 New-onset hypertension 1.77 [1.30-2.41]

1 case—control studies

ardiovascular Disease

Xie et al. 2017% 16 cohort studies
(11 studies in primary

prevention)

Meta-analysis 24,308

Severe OSA (AHI =30) CHD 1.63 [1.18-2.26]
Stroke 2.15[1.42-3.24]
Heart failure 1.44 [0.94-2.21]
CV mortality 2.96[1.45-6.01]
All-cause mortality 1.54 [1.21-1.97]

Prevention Studies (CPAP)

da Silva and Zhang  Meta-analysis 9 RCTs 3,314 CPAP versus control Ml 1.11[0.76-1.62]
2019% Stroke 0.77 [0.46-1.28]
CV mortality 0.58 [0.19-1.74]
All-cause mortality 0.86[0.60-1.23]
Khan et al. 2018% Meta-analysis 7 RCTs 4,268 CPAP versus control MACE" 0.74 10.47-1.17]
MACE’ (=4 h/night of CPAP use) 0.43 [0.23-0.80]
AF/AFI 0.87[0.38-1.97]
Mi 0.99[0.57-1.72]
Stroke 0.95[0.72-1.24]
CV mortality 0.70[0.27-1.80]
All-cause mortality 0.95[0.67-1.34]
Deng et al. 2018* Meta-analysis 10 studies (3 RCTs) 1,217 CPAP versus control Recurrent AF (after catheter 0.60[0.51-0.70]

ablation)

“‘Non-fatal Mi, stroke and cardiovascular mortality. AFl = atrial flutter; AHI = apnoea-hypopnoea index, CPAP = continuous positive airway pressure; CV = cardiovascular; MACE = major adverse
cardiovascular events; OSA = obstructive sleep apnoea, RCT = randomised controlled trial; TIA = transient ischaemic attack.

sub-analysis suggested that CPAP reduces the incidence of AHT and
cardiac events in patients with adherence to treatment >4 h/night
(incidence density ratio 0.75; 95% CI [0.52-0.98]).

Secondary Cardiovascular Prevention

The effect of CPAP treatment on cardiovascular secondary prevention
in patients with OSA has been analysed in other randomised clinical
trials (Table 3).244°%* In the Randomized Intervention with Continuous
Positive Airway Pressure in Coronary Artery Disease and Obstructive
Sleep Apnea (RICCADSA) study, 244 patients with moderate or severe
OSA (AHI >15) without daytime sleepiness (Epworth score <10)
underwent coronary revascularisation and were randomised to CPAP
or conservative treatment for 57 months.** On intention-to-treat
analysis, there were no differences between the two groups in the
combined primary cardiovascular endpoint of repeat revascularisation,
MI, stroke and cardiovascular mortality. However, patients with
adherence >4 h/day had a lower cardiovascular risk than untreated
patients or those receiving CPAP <4 h/day (HR 0.29; 95% CI [0.10-0.86]).
As with the results on the efficacy of CPAP in primary cardiovascular
prevention, poor adherence to CPAP treatment affects therapeutic
response in patients with OSA.

The Sleep Apnea Cardiovascular Endpoints (SAVE) study randomised
2,717 patients aged between 45 and 75 with established cardiovascular
or cerebrovascular disease and moderate or severe OSA to usual care
or usual care plus CPAP>* Moderate or severe OSA was defined as an
oxygen desaturation index (number of times per hour that the oximetry
recording detects a decrease in arterial oxygen saturation >4

percentage points from baseline) of at least 12, determined using a
home sleep study device (Apnealink, ResMed). The primary composite
endpoint included death from cardiovascular cause, Ml (including silent
M), stroke, hospitalisation for heart failure, acute coronary symptoms
(including unstable angina) or TIA. The use of CPAP did not significantly
reduce recurrent serious cardiovascular events in the intention-to-treat
analysis, despite the significant reduction in daytime sleepiness and
improved quality of life. However, propensity score-matched analyses
showed that patients with good adherence to CPAP treatment (>4 h/
day) had a lower risk of stroke compared with patients with conventional
treatment (HR 0.56; 95% CI [0.32-1.00]), as well as a lower risk of the
non-pre-specified composite endpoint of cerebrovascular events (HR
0.52; 95% CI [0.30-0.90]).

The recently published Continuous Positive Airway Pressure in Patients
with Acute Coronary Syndrome and Obstructive Sleep Apnea (ISAACC)
study included 2,834 patients with ACS who underwent respiratory
polygraphy.** Of these, 1,264 had moderate or severe OSA (AHI >15/h
as measured on cardiorespiratory polygraphy) and were randomly
assigned to receive CPAP or usual care. The 1,287 patients with ACS,
but without OSA (AHI <15/h) were included as a reference group. The
primary endpoint of the study was the development of a composite of
cardiovascular events (cardiovascular death or acute MI, stroke,
hospital admission due to heart failure, unstable angina or TIA). After a
follow-up of 3.35 years, the incidence of cardiovascular events was
similar in the two groups (CPAP: 16%,; usual care: 17%; HR 0.89; 95% ClI
[0.68-1.17]). The median adherence to CPAP treatment was 2.78 h/
night. No differences were found in the incidence of cardiovascular
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Table 3: Trials of Obstructive Sleep Apnoea Patients with CPAP in Primary and

Secondary Prevention of Cardiovascular Adverse Events

Authors  Study Patients (n, Eligible Follow-up Diagnosis Groups Primary Results Secondary
CPAP versus Patients (months) of OSA Outcome Analysis
Controls)
Primary Prevention
Barbé etal. CERCAS 357/366 Apparently 48 AHI >20 + ESS ~ CPAP versus Incident 0.83(0.63-1.1) >4 h/night:
2012 healthy patients <10 control hypertension OR 0.75 (95% Cl
or MACE [0.52-0.98])

econdary Prevention

Gottlieb HeartBEAT ~ 97/94 CVD or multiple 3 AHI 15-50 CPAP versus  24-h mean -2.8 mmHg; -0.93 mmHg/h
et al. 2014 CV risk factors NSO arterial p=0.02 of CPAP use
pressure at (p=0.03)
12 weeks
McMillan PREDICT 140/138 Age >65years 12 ODI >7.5/h CPAP versus  ESS at ESS decreased QALYS (p=0.787)
et al. 2014% (cv (24%) + ESS =9 control 3 months 2.1 points
comorbidity*) (p<0.0001)
Huangetal. - 36/37 uncontrolled 36 AHI 215 CPAP versus  Controlled 69.4% versus Reduced ESS in
2015% hypertension control hypertension  43.2% (p=0.02) CPAP group
and CAD. (p<0.001)
Parraetal. - 71/69 Acute ischaemic 60 AHI =20 NCPAP versus MACE" CV survival: 100% CV event-free
2015 stroke control versus 89.9% survival: 89.5%
(p=0.015) versus 75.4%
(p=0.059)
Pekeretal. RICCADSA  122/122 Revascularised 57 AHI>15 + ESS  CPAP versus  MACE* HR 0.80 (95% CI >4 h/night:
2016% CAD <10 control [0.46-1.41)) HR 0.29 (95% Cl
[0.10-0.86])
MCcEvoy SAVE 1,346/1,341 CVD 43 ODI 212 CPAP versus MACES HR 1.10 (95% CI >4 h/night:
et al. 2016% (>4%) + ESS <15 control [0.91-1.32]) HR 0.52 (95% ClI
[0.30-0.90)) for
cerebral events
Sanchez-de- ISAACC 633/631 ACS 40.2 AHI =215 + ESS ~ CPAP versus MACE! HR 0.89 (95% CI >4 h/night:
la-Torre et al. <10 control [0.68-1.17]) 0.80 (95% ClI
2020% [0.52-1.23))

“Comorbidity in 8-75% of patients (i.e. ischaemic heart disease 36%, hypertension 75% and AF 30%). Ischaemic events, stroke recurrence and CV mortality. *First event of repeat
revascularisation, M, stroke or CV mortality. SCV mortality, M, Stroke or hospitalisation for unstable angina, heart failure or TIA.|Cardiovascular death or non-fatal events (acute M, stroke,
hospital admission for heart failure, and new hospitalizations for unstable angina or transient ischaemic attack). ACS = acute coronary syndrome, AHI = apnoea-hypopnoea index, CAD =

coronary artery disease; CPAP = continuous positive airway pressure; CV = cardiovascular; CVD =

cardiovascular disease; ESS = Epworth sleepiness score; MACE = major adverse

cardiovascular events; nCPAP = nasal CPAP; NSO = nocturnal supplement oxygen; ODI = oxygen desaturation index; OSA = obstructive sleep apnoea; QALY = quality-adjusted life years;

RCT = randomised controlled trial; TIA = transient ischaemic attack.

events in the usual care group versus the reference group without OSA
(17% and 15%, respectively). Nor was there an association between the
number of cardiovascular events and the hours of CPAP adherence or
the severity of OSA. CPAP treatment was associated with a modest
improvement in daytime sleepiness and blood pressure, but not with
any improvement in quality of life.

The fundamental difference between the SAVE and the ISAACC studies
concerns the samples used. While the SAVE study included patients
with chronic coronary or cerebrovascular disease, the patients in the
ISAACC study were in the acute phase of CHD.**** Both studies found
that treatment with CPAP did not reduce cardiovascular risk in patients
with asymptomatic OSA, and highlight the lack of any significant effect
of CPAP in secondary cardiovascular prevention.®*>* Two recent meta-
analyses also confirm that CPAP does not improve survival or prevent
the development of major cardiovascular events in patients with
OSA.%>* There may be several explanations for this.

First, poor adherence to CPAP treatment is an important limitation in all

studies. The average use is less than 4 h/night, due at least in part to
the patients’ low level of symptoms (patients with a high level of
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symptoms were not included for ethical reasons). Perhaps better
results would have been recorded if patients with more symptoms had
been included, given that excessive daytime sleepiness is a sign of
disease severity. For example, the effect of CPAP on blood pressure is
greater in patients with more symptoms. However, at present, we
cannot claim that better adherence would have produced different
results. Factors influencing adherence to CPAP therapy need to be
identified, and the issue of whether better adherence improves
cardiovascular endpoints needs to be investigated in greater depth.*’

Second, the reference procedure for the diagnosis of OSA is
polysomnography. AHI is the score used to determine severity, but it
may not fully reflect the complexity of the disease. It is common to see
patients with low AHI with AHT and high levels of symptoms, and it is
also quite common to see patients with AHI >30/h and very low levels
of symptoms. AHI does not take into account important aspects of
respiratory events such as the magnitude of the associated desaturation
or the presence of awakenings. This means that it is likely to include
very heterogeneous patients with different disease phenotypes, a
circumstance that may explain the negative results. The use of new
diagnostic and/or prognostic criteria in patients with OSA that allow
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better risk stratification, as well as the use of biomarkers able to identify
subgroups of patients with OSA with a high risk of cardiovascular or
metabolic events, might facilitate reassessment of the role and efficacy
of OSA treatment in both primary and secondary prevention.®®

Third, the treatment of OSA with CPAP may not be effective in reducing
recurrent cardiovascular events in patients with advanced or
symptomatic atherosclerotic vascular disease, such as the patients
included in the SAVE and ISAACC studies. Reversing or stabilising an
altered vascular structure is more difficult than preventing its initial
alteration, therefore the results of these studies do not rule out the
possible effect of OSA treatment on primary prevention.”” Moreover,
the ischaemic preconditioning generated by the nocturnal cycles of
hypoxia—reoxygenation has been considered as one of the causes of
the decrease in cardiovascular and cerebrovascular mortality in elderly
patients with OSA and may be involved in some way in this apparent
lack of efficacy of CPAP in secondary prevention.®

Fourth, it has recently been suggested that the design and development
of clinical trials that analyse the hypothetical efficacy of OSA treatment
in cardiovascular prevention need to be modified.®® The changes
proposed include the modification of the inclusion criteria for patients
with OSA to recruit patients with greater severity of disease; the
improvement of the diagnostic criteria for asymptomatic OSA; and the
inclusion of criteria for arterial oxygen desaturation, bearing in mind
that the hypoxaemic burden is considered the main mediator in the
increased risk of morbidity and mortality in patients with OSA. The
identification and exclusion of patients with OSA with low adherence to
CPAP treatment has also been suggested, as has the use of alternative
(or complementary) statistical techniques to the intention-to-treat
analysis, although this might underestimate the hypothetical efficacy of
CPAP by including patients with low adherence.

CPAP can reduce various inflammatory biomarkers involved in the onset,
progression and instability of atherosclerotic cardiovascular disease and
which are elevated in patients with OSA, such as C-reactive protein,
tumour necrosis factor alpha, interleukin (IL) 6, IL-8, intercellular adhesion
molecule, vascular cell adhesion molecule and selectins.®” In spite of this,

and although it may cause some degree of haemodynamic improvement
(by increasing left ventricular ejection fraction) and may even prevent
arrhythmias, in clinical studies these potential effects have not been
converted into a significant reduction in recurrent cardiovascular events
in patients with established cardiovascular disease. More studies are
needed to establish the true role of CPAP treatment in patients with OSA
in both primary and secondary prevention.

Clinical Recommendations

Patients who present two of the three cardinal criteria of OSA (snoring,
apnoea and/or daytime sleepiness or tiredness) should be referred to
the sleep disorders unit and OSA should also be considered in the
differential diagnosis of bradyarrhythmia.®? Although the clinical utility of
CPAPinsecondary cardiovascular prevention has notbeendemonstrated,
the SAVE study recorded an improvement in daytime sleepiness and a
reduction in days off work, even in patients initially considered
asymptomatic.®? For this reason, physicians should ask specifically about
the presence of symptoms suggestive of OSA as part of the routine
clinical assessment of patients with cardiovascular pathology.

Conclusion

Epidemiological and clinical evidence indicates that OSA may be a
potentially modifiable risk factor for arterial vascular disease. OSA has
been associated with a higher incidence of hypertension and
cardiovascular disease. However, clinical trials on the efficacy of CPAP
in primary and secondary cardiovascular prevention have not
demonstrated a significant reduction in the incidence and/or recurrence
of cardiovascular events. A number of measures are now needed to
shed more light on the relationship between OSA, treatment with CPAP
and vascular risk: the use of new diagnostic and/or prognostic criteria
to improve the clinical stratification of patients with OSA; the
identification of variables associated with better adherence to CPAP
treatment; the development of new therapeutic techniques for patients
with OSA,; the use of biomarkers that identify subgroups of patients
with OSA with greater vascular or metabolic risk and make it possible
to intervene in subclinical phases of atherosclerotic disease; and the
modification of the design and development of clinical trials that
analyse cardiovascular risk in patients with OSA treated with CPAP. l
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